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INTESTIGATIOM OF TBF: NACA 4-( 3)  (08) -03 TWO -=E PROPELLER 

AT FORWARD MACH NUMBERS M 0.925 

By James B. Delano asd lkascis G. Morgan, Jr . 

A n  investigation of t h e  NACA 4-(3) (08) -03 two-blade  propeller has 
been made In the  Langley 8-f oot  high-speed tunnel for  blade angle8 
of 5 5 O ,  60°, and 65O at M&ch numbers up to 0.93. 

Comparison of t he  force-test  measurements obtained for the 
mACA 4-(3)(08)-03 two-bladk propeller with those previously  obtained 
for  the NACA 4-( 5 )  (08) -03 two-blade  propeller indicates that the 
differences i n  design  lift  coefficient w e r e  insufficient to produce 
appreciable  changes in mx3m-m efficiency  over the  range of blade  angle 
asd Mach  number  investigated. A comparison of the two propellers made 
at equal power  absorption  indicates that the differences in design  lift 
coefficient had little effect an the highest  efficiencies  reached. 

The effect  of  compressibility on the NACA 4-(5)(08)-03 two-blade 
propeller was presented In reference 1 as the first part of a general 
investigation to study the effects of campressibility, design camber, 
thiclmess  ratio, meep, and dual rotation on the  performance  of 
propellers  operating at traneonic forward speeds. The second  part of 
this general  investigation, the effect of desi@  camber OIL propeller 
performance, is presented  herein. 

This  paper presents the  force-test  results for the mCA 4-(3)(08)-03 
two-blade  propeller at blade angles of 550, &O, and 650 for a range of 
forward Mach number from 0.43 to 0.925. In order b'expedite publication 
of the data, only a limited analysis comparing these results  with those 
of reference 1 to determine t h e  effect of design  camber on propeller 
performance at tranaonic speeds is included in this paper. 

The present  paper does not include t he  effest of design  camber 
on propeller  performance at l o w  speeds.  However,  such  information may 
be obtained fYom references 2 and 3.  In the investigation of reference 2 
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the same propellers were teeted,  but  propulsive data, were obtained 
because  of t h e  type of Qmmometer then used.. Large-scale  plots of the 
basic  propeller  characteristics  (fig. 5) are  available on request to t he  
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blade width, feet 

blade section design U t  coefficient 

power  coefficient (P/pn3D5) 

thmmt coefffcient (T/pn2+) 

propeller diameter, feet  

blade  width  ratio 

maximum thiclmess of blade section, feet 

blade thicknese  ratio 

advance  ratio ( v,/~D) 
tunnel-datum  (forward)  Mach  number (tunnel Mach  number 

helical-tip  Mach number (Mi<) 
propeller  rotational  speed,  revolutione  per  second 

uncorrected f o r  tuzvlel-wall constraint) 

propeller-tip  radius,  feet 

blade-section radius, feet 

thrust,  pounds 

thrust  disk-loading  coefficient (T/2@) 

tunnel-datum  velocity (tunnel velocity  uncorrected  for - tunnel-wau constraint),  feet per second 
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TO equivalent free-air velocity (tunnel-datum velocity 
J corrected f o r  tunnel-wau comtraint) ,   feet   per eecond 

X blade-section station ( r h )  

P sectfon b-de angle, degrees 

section blade angle of 0.75 t i p  radius, degrees 

'I 

?ma maximum efficiency 

P air density, slugs per cubic foot 

The appzatus and methods described in reference  lwere ueed in 
this investigation which was con&ucted in  the Langley 8-foot  high- 
speed tunnel. A sketch of the 800-horseparer-Qmmmeter installation 
in the tunnel is shown as figure 1. 

c 

The NACA 4-(3 1 (08) -03 two-blade propeller used in this fnvestigation 
is the sane one used in the investigatfon  reported. in referencee 2 and 4. 
It incorporates t h e  NACA 16-series  blade  sectfom. The blade was 
designed a a  a three-blade propeller to produce mum energy losses 
(profile drag assumed equal to  zero) a t  a b M e  angle of 450 a t  
t h e  0.7"mdius station and a t  an advance ra t io  of 2.1. The gap8 between 
the  spinner and blades were sealed for  a l l  o p e r a t a  conditions. Blade- 
form curves m e  presented in figure 2 d are   the  same f o r  both 
the XACA b ( 3 )  (OS) -03 and b ( 5 )  (08)  -03 propellers  except f o r  the higher 
design lift. coefficients  for the latter. A photograph of the blades 
is shown as figure 3 .  

Thrust, torque, and rotational speed were measured throughout the 
operating  range of the propeller. For each tunnel Mach  number, +he 
propeller wa8 run at fixed blade angles and the ro t a t iona l  speed was 
var ied .  The range of blade angle covered for each forward Mach  number is 
given in the following table: 
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55 
55 
55 
55 
55 
55 
55 
55 
55 

Propeller  thrust. - Propeller thrust as  used  hereln  is  defined as 
the  shaft  tension  produced by the  epinuer-to-tip  portion  of the blades. 
The method  used in determining  thrust t a r e s  and in evaluating the 
propeller  thrust  is  described 5n detail in reference 1. 

Propeller  torsue. - Torque-tam correctiona  were found to be amall and 
dependent OW on spinner  rotational  speed. The Indicated  torque  reading 
was  corrected  for t k e  spinner w e  (a maximum of 1.2 foot-pounds  at 
6000 p). 

!Axmel-wall  corrections.- The force-test data have been corrected 
for the effect of tunneliwall  constraint on velocity at the  propeller 
plane using the  method  described in reference 1. These results  are 
presented in figure 4 as t h e  ratio of free-air velocity  to the tunnel- 
datum  velocity as a function  of thrwt disk-loading  coefficient and 
tunnel-datum Eksch number. 

Accuracy of results.-  Analysis of the  accuracy of the  eeparate 
measurements  required  to  define fully the  propeller  characteristics 
has indicated  that errors in t he  reeults  presented  herein are 
probably lese than I percent.  Repeat rune have confirmed this estimte. 

The basic  propeller  characteristics are presented In figure 5 .  
For each  value  of  tunnel-datum  Mach  number M t h e  propeller  thrust and 
power coeff  icients  and  efficiency a r e  plotted  agaFtlElt  advance  ratio. 
The variation  of  tip  Mach  number  with advanca ratio  is a lso  lncluded. ' 

As wed herein, the  tunnel-datum  Mach  number M ie not  corrected  for 

L 
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tunnel-wall constraint. The free-air Mach  number,  however, can  be 
obtained by applying the tunnel- comectione,  presented ~n figure 4, 
to   the tunnel-datmn Mach number. A t  the high Mach numbers, the  tunnel- 
wall correction is genera- less  than 1 percent,  but in the exact w e  
of the  basic  propeller  characteristics  gresanted in figure 5 wherever 
small changes in h c h  number produce large ohanges In propeller character- 
is t ics ,   the  tunnel-datum Mach  number should be  corrected t o  free-air  
Mach number. 

Effect of forward mch number on maximum efficiency. - The 
vmistion of maximam efficiency  with forward.  bkch number is presented. 
in figure 6 f o r  all the blade an@;les investigated. Sfmilax results 
(reference 1) for  the mAcA 4-( 5) (08) -03 propeller a r e  shown f o r  capmison. 
The maximum efficiency  for the RAGA 4 4 3 )  (08)-03 propeller (low camber) 
is, in general,  about 1 percent lower .than for  t h e  NACA 44.5) (08) -03 
propeller (medium camber) throughout the &ch number and blade-angle 
ranges lnvest ipted.  Ipor a l l  practical puFposeB, however, the efficiencies 
are essentially the aame f o r  both propellers; this fact   indicates that 
the  difference in design lift coefficient  (desigs camber) fo r  the range 
of design lift coefficient  investigated is  too m a J l  to produce any 
difference In maximum efficiency. It is believed, however, that the 
w e  of symmetrical o r  high-camber sectiona would. produce marked changes 
in  efficiency *om those reported herein. The effect of high-camber 
sections on propener performance is discussed in: references 2 and 3. 

Comparison of the effects of  camber on mixiram efficiency as reported 
in  reference 2 with those reported  herein show8 imgortast differences 
f o r  a blade angle of 600 (0.7'3) near the c r i t i c a l  esd at aupercrftioal 
forward Mach numbers. These differences f o r  a blade angle of 600 m e  
attributed t o  the accuracy of the earlier Fnvestigation. The results 
presented here- ,confirm the  effect of design camber on madmum 
efficiency  for  subcritical  operation  presented in reference 2. 

EPfect of advance ra t io  and forwaxd Mach  number on maxlmm 
efficiency. - The variation of mxlmum efficiency w i t h  advance ra t io  
for   the forward Mach numbers at which the propeller was investigated 
i s  shown in figure 7 by the spibols. The solid m e 8  represent 
similar data taken from reference I for the ITACA 4-(5)(08)-03 pmpeller 
f o r  which more extensive results a m  available. no important differences 
i n  these results are indicated f o r  the two propellers. 

Effect of m e r  coefficient on efficiency.- The variation of 
efficiency w i t h  advance r a t io  f o r  constant  valuee of power coefficfent 
and forward Mach  number i a  shown fn figure 8 f o r  both the KACA 4-( 3) (08) -03 
and 4-(5) (08) -03 propellers. In general,  the  highest  efficiencies for 
both  propellere are  essentially the @&me f o r  t h e  range of power 
coefficient and forward Mach  number shown' in figure 8, except at high 
forward Mach numbers  where the results indicate that t h e  mCA 4-(5)(08)-03 
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propeller may be 2 percent  more  efficient  than t h e  NACA 4-(3)(08)-03 
propeller.  SFnce this difference in efficiency may be due to experimental 
accuracy,  superfority  of one propeller over t h e  other I s  not Fndicated. 
At high advance  ratios t h e  NACA 4-(3)(08)-03 propeller is more efficient 
than t h e  NACA b ( 5 )  (08) -03 propeller,  esgecially  at lar valctes of  parer 
coefficient. 

Comparieon of the force-teat measurements obtalned  for  the 
NACA 4-(3)  (08)  -03 two-blade  propeller  with  those previously obtained 
for t he  NACA 4-( 5 )  (08)-03 two-blade  propeller  (NACA RM LgG05a) indicates 
that t he  differences in design  lift  coeff  icient were FZlElUff  icient  to 
produce  appreciable changes in maximum efficfency  over  the range of 
blade angle and Mach number  investigated. A comparison of t he  two 
propellers made at equal power  absorption  Indicates that the  differences 
in design lFft coefficient had little  effect on the highest  efficiencies 
reached. 
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Figure 2 .- NACA k-( 3) (08)-03 and mACA b( 5 )  (08)-03 propeller 
blade-f o m  curveB. 

./ 

’ 0  





t 

ESACA RM ~9106 

Figure 3.- RACA 4-( 3) (08)43 propeller. - 
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Figure 5 7 Characteristics of NACA 4-(3)(08)-03 propeller. 
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Figure 5 r Continued. 
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Figure 5 .- Continued. 
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-Figure 6.- Effect of forward Mach number on maximum efficiency. . 
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F'igure 6.- Concluded. 
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Figure 7.- g f f e c t  of forward Mach number and advance r a t i o  on naxhwn effioiency. 
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Figure 8.- Effect of power coefficient and advance ratio on efficiency. 
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